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Inhibition of Plant Cell Respiration 

The present invention relates to a method of 
inhibiting respiration of a plant cell by use of a gene, 
which is expressible in plants, to inhibit mitochondrial 
function, hence disrupting full expression of a selected 

5 plant characteristic. 

According to the present invention there is 
provided a method of inhibiting gene expression in a 
target plant tissue comprising stably transforming a 
plant cell of a type from which a whole plant may be 

10 regenerated with a gene construct carrying a 

tissue-specific or a development-specific promoter which 
operates'in the cells of the target plant tissue and a 
disrupter gene encoding a protein which is capable, when 
expressed, of inhibiting respiration in the cells of the 

15 said target tissue resulting in death of the cells* 

Preferably the disrupter gene is selected from: 

(a) The mammalian uncoupling protein (UCP). cloned from 
mammalian (usually rat) brown adipose tissue. 

(b) A mutated form of the gene for the (3-subunit of 

20 F^-ATPase which has sequences added or deleted such that 
these changes result in the retention of the ability to 
assemble with other subunits but interfere with function 
as an ATP synthase^ The ability of these altered 
subunits to assemble correctly will be important as the 

25 required phenotypic effect of their expression will * 

depend oil their competition with wild-type subunits for 
binding sites in the enzyme complex. Thus complexes 
containing non- functional subunits will only be weakly 
active and mitochondria harbouring these complexes will 

30 be non-functional. 
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(c) A mutated, synthetic form of the oli 1 gene 
ncoding subunit 9 of the F Q -ATPase. Mutations creat d 

as described at (b) above. 

(d) A mutated form of a mitochondrial transit 
5 pre-sequence which malfunctions during transfer 

resulting, probably by blocking of receptor sites, in 
the disruption of protein transport to mitochondria. 

(e) Gene constructs involving a fusion between the 
3-subunit gene from yeast and the 0-glactosidase gene 

10 from E. coli ," resulting in expression of a disrupting 
fusion protein. 

Preferably the promoter is a tapetum-specif ic 
promoter or a pollen-specific promoter, so that on 
expression of the said disrupter protein therein the 

15 regenerated .plant is in male sterile. More preferably 
the said tapetum-specif ic promoter has the sequence 
shown in Figure 1 or 2 or 3 of the accompanying 
drawings . 

Plasmids containing the DNA sequences shown in 
20 Figures 1, 2 and 3 have been deposited under the terms 
of the Budapest Treaty, details being as follows: 

Plasmid pMSlO in an Escherichia coli strain RRl 
host, containing the gene sequence shown in Figure 1 
herewith, and deposited with the National Collection of 
25 Industrial & Marine Bacteria on 9th January 1989 under 
the Accession Number NCIB 40090. 

■ Plasmid pMS14 in an Escherichia coli strain DH5a 
host, containing the gene control sequence shown in 
Figure 2 herewith, and deposited with the National 
30 Collection of Industrial & Marine Bacteria on 9th 

January 1989 under the Accession Number NCIB 40099. 

Plasmid pMSIB in an Escherichia coli strain RRl 
host, containing the gene control sequence shown in 
Figure 3 herewith, and deposited with the National 
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Collection of Industrial & Marine Bacteria on 9th 
January 1989 under the Accession Number NCIB 40100. 

The isolation and characterisation of these gene 
control sequences of this invention are described in 

5 full in a copending patent application. 

The present invention also provides a plant having 
stably incorporated in its genome by transf orration a 
gene construct carrying a gene construct carrying a 
tissue-specific or a development-specific promoter which 

10 operates in the cells of the target plant tissue and a 

disrupter gene encoding a protein which is capable , when 
expressed, of inhibiting respiration in the cells of the 
said target tissue resulting in death of the cells. 

The invention also provides a plant r particularly a 

15 monocotyledonous plant, and more particularly a corn 
plant, haying stably incorporated within its genome a 
gene construct carrying a tissue-specific promoter which 
operates in the cells of the said target tissue and a 
disrupter gene encoding a protein which is capable of 

20 inhibiting respiration in the said cells of the said 
target tissue resulting in death of the cells. 

These gene constructs may be used as a means of 
inhibiting cell growth in a range of organisms from 
simple unicells to complex multicellular organisms 

25 such as plants and animals. By the use of tissue- or. 
cell-specific promoters, particular cells or tissue may 
be targeted and destroyed within complex organisms. One 
particular application intended for this invention is in 
the destruction of cells essential for male flower 

30 development, leading to male sterility. 

The invention therefore provides a method of 
preventing or inhibiting growth and development of plant 
cells based on gene constructs which inhibit respiratory 
function. The technique has wide application in a 
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number of crops where inhibition of particular cells or 
tissue is required. 

Of particular interest is the inhibition of male 
fertility in maize for the production of Fl hybrids in 

5 situ. The concept of inhibition of mitochondrial 

function as a mechanism for male sterility arises from 
some previous research on T-type cytoplasmic male 
sterility in maize (cms-T) which has shown an 
association between the male sterile phenotype and 

10 mitochondrial dysfuction. Although a direct causal 
relationship has yet to be established between 
mitochondrial dysfunction and cms-T, an increasing body 
of evidence suggests that fully functional mitochondria, 
particularly in the tapetal cells, are essential. This 

15 is particularly critical during microsporogenesis since 
the metabolic demands placed on the tapetal cells 
results in a 40-fold increase in mitochondrial number. 

Thus we provide a number of negative mutations 
which act^upon mitochondria to uncouple oxidative 

20 phosphorylation. When specifically expressed in maize 
anther tissue these mutations will result in a male 
sterile phenotype. 

The proposed disrupter protein, UCP, is 
instrumental in the thermogenesis of mammalian brown 

25 adipose tissue and exists as a dimer in the 

mitochondrial inner membrane forming a proton channel 
and thus uncoupling oxidative phosphorylation by 
dissipation of the proton electrochemical potential 
differences across the membrane. 

30 An alternative is the use of chimeric gene 

constructs in which domains are swapped, creating 
non-functional proteins. The target proteins here are 
the 6-subunit of F^-ATPase and subunit 9 of the F^- 
ATPase. During assembly of functional ATPase complexes, 
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the altered chimeric subunits will complete for binding 
sites normally occupied by the naturally occurring 
subunits, particularly when the chimeras are over 
expressed compared with the endogenous genes. 

5 Mitochondrial function will be disrupted since F^ and Fq 
ATPase's assembled with altered subunits are likely to 
be weakly active or non-functional. 

The method employed for transformation of the plant 
cells is not especially germane to this invention and 

10 any method suitable for the target plant may be 
employed. Transgenic plants are obtained by 
regeneration from the transformed cells. Numerous 
transformation procedures are known from the literature 
such as agroinf ection using Agrobacterium tumef aciens or 

15 its Ti plasmid, elect roporation, microinjection of plant 
cells and protoplasts, microprojectile transformation 
and pollen tube transformation, to mention but a few. 
Reference may be made to the literature for full details 
of the known methods. 

i 

20 The development and testing of these gene 

constructs as disrupters of mitochondrial function in 
the unicellular organism, yeast, will now be described. 
A mechanism by which these gene constructs may be used 
to inhibit plant cell growth and differentiation in 

25 transformed plants will also be described. The object 
of these procedures is to use yeast as a model system 
for the identification and optimisation of gene 
constructs for expressing proteins which disrupt 
mitochondrial function. Plant cells will then be 

30 transformed with the selected constructs and whole 
plants regenerated therefrom. 

The accompanying drawings are as follows: 
Figure 1 shows the DNA sequence of a tapetum-specif ic 
promoter, carried by plasmid pMSIO; 
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Figure 2 shows the DNA sequence of a tap tum-specif ic 
promoter, carried by plasmid pMS14; 

Figure 3 shows the DNA sequence of a tapetum-specif ic 
promoter, carried by plasmid pMSl8; 
5 Figure 4 is a map of plasmid pCGSllO-UCP; 

Figure 5 shows the mRNA sequence of mammalian uncoupling 
protein gene from plasmid pCGSllO-UCP (shown in Figure 
4 ) ; 

Figure 6 is a flowchart representation of the generation 

10 of a leu2, gall yeast strain; 

Figure 7 is a table showing the effect of addition of 
galactose on the growth of BET9 and BET27 transf ormants ; 
Figure 8 shows results of growth curve analysis of BET9 
(Figure 8A) and BET27 (Figure 8B) transf ormants grown on 

15 gly/cas medium over a period of 65 hours in the presence 
or absence of galactose; 

Figure 9 is the growth curve analysis of rat UCP in 
strain BET9 grown on gly/cas medium over a period of 50 
hours in the presence or absence of galactose; 

20 Figure 10 is the growth curve analysis of rat UCP in 

strain BET9 grown on raffinose medium over a period of 
45 hours in the presence or absence of galactose; 
Figure 11 illustrates the construction of plasmid 
YIP/UCP from pKV49-UCF and YIp5; 

25 Figure 12 is a map of plasmid pGR208 (Figure 12A) and 
the sequence of oligonucleotides used to mutate the 
(3-subunit gene of F^— ATPase (Figure 12B); 
Figure 13 shows maps of plasmids pKV49 (Figure 13A) and 
PKV49-UCP (Figure 13B); 

30 Figure 14 shows schematically the construction of a 
p-subunit/p-galactosidase fusion protein; 
Figure 15 is a plasmid map of pKV49/BLZ? 
Figure 16 is a plasmid map of pMSlO-5; and* 
Figure 17 is a plasmid map of pBin/MSlO-UCP . 
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* 

The invention will now be illustrated by the following 
Exampl s. 

EXAMPLE 1 

It was known from reports in the literature that 
5 the rat UCP gene inserted in the yeast /E. coli shuttle 
vector gave only low levels of expression of UCP. The 
yeast was Saccharomyces cerevisiae strain YM147 and the 
UCP gene was available on plasmid pCGS110-UCP, 

Given the lack of useful expression levels with the 
10 wild type gene, modification of the rat UCP gene using 
site directed mutagenesis was carried out. the 
following modifications were made: 

1. introduction of a BamHI site seven nucleotides 5' 
to the AUG methionine initiation codon; 
15 2. Modification of the sequence around the AUG 

methionine initiation codon to conform to the yeast 
consensus sequence ATAATG; 

3. Deletion of an internal BamHI site; and, 

4. Introduction of a BamHI site one nucleotide 3' to 
20 the TAG termination codon. 

These modifications result in the deletion of the 
untranslated 5' and 3 f rat UCP sequences as yell as the 
introduction of a yeast consensus sequence at the 
methionine initiation codon. 

25 The 1.9 kb EcoRI/PstI fragment from the plasmid 

pCGSHO-UCP (a map of the plasmid is shown in Figure 4 
and the roRNA sequence of the UCP gene is shown in Figure 
5) carrying the GAL 10 promoter region and the rat UCP 
cDNA was cloned into the EcoRI/PstI sites of Ml3mpl9 

30 DNA. Sequencing of the resultant construct was carried 
out to ensure the correct structure ♦ 

Site directed mutagenesis was carried out 
according to the directions given in the Amersham (Trade 
Mark) mutagenesis kit using three different 
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oligonucleotides as follows: 

UCP-1 wild type CTCTGCCCTCCGAGCCAAGATGGTGAGTT 

mutant CTCTGCCCTC GGATCC ( ATAATG ) GTGAGTT 

UCP-2 wild type TGCGACTCGGATCCTGGAACG 
5 mu t an t TGCGACTC GGTTCC TGGAACG 

UCP-3 wild type ACCACATAGGCGACTTGGAG 

mutant ACCACATAGGATCCGACTTGGAG 
Oligonucleotide UCP-1 was used to introduce the 
yeast consensus sequence (bracketed) which occurs around 
10 the methionine initiation codon, as well as the 

introduction of the BamHI cleavage site (underlined). 

Oligonucleotide UCP-2 was used to delete an 
internal BamHI site (underlined). 

Oligonucleotide 'UCP-3 was used to introduce a BamHI 
15 site immediately after the TAG stop codon (underlined). 

These three mutations allowed the isolation of the 
entire UCP coding sequence on a 0.93 kb BamHI fragment. 

After selection of mutant clones the modified DNA 
was digested with BamHI . Three clones from twenty 
20 selected gave inserts of 0.93 kb upon digestion with 
BamHI . 

Sequencing of the clones UCPS1 and UCPS4 revealed 
that the UCP gene had been correctly modified with no 
unwanted changes present. The UCP gene was then 

25 transferred to the yeast expression plasmid pKV49 which 
allows expression of foreign genes in S. cerevisiae 
under the control of the strong PGK promoter and the 
GAL1-10 UAS allowing induction/repression of the foreign 
gene according to whether or not galactose is present in 

30 the growth medium. The 0.93 kb BamHI fragment 

containing the modified UCP gene was cloned into pKV49 
at the Bglll restriction site, resulting in the 
construct pKV49-UCP^ 
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TRANSFORMATION OF YEAST WITH pKV49-UCP CONSTRUCT 

a ) Development Of Suitable Yeast Strain 

For a recipient for the pKV49-UCP construct we 
needed a yeast strain carrying the appropriate markers 

5 for transformation and allowing induction of gene 

expression from the GALl-10 UAS while being unable to 
utilise glactose as a carbon and energy source (GALl, 
GAL2). Such strains were generated by mating yeast 
strains YM147 and SF747. After selection of diploids on 

10 minimal plates containing uracil, the colonies were 

transferred to sporulating media. The resulting spores 
were grown on YpP plates prior to the resulting yeast 
colonies being characterised (Figure 6). Two new yeast 
strains BET9 <ura3, trpll, leu2, his3, gall) and BE 27 

15 (ura3, trpl, leu2, gall) were isolated, both of which 
are suitable for transformation with Pkv49 based 
constructs . 

b) Yeast Transformation 

Yeast strains BET9 and BE27 were transformed with 
20 pKV9 and pKV49-UCP DNA; t ransf ormants were selected 

using the appropriate auxotrophic selection (leu) and 
checked by plasmid isolation followed by restriction 
mapping. Single colonies from each of the four 
different transf ormants BET9/pKV49, BET9/pKV49-UCP / 
25 BE27/pKV49 and BE27/PKV49-UCP ) were resuspended in 

sterile water prior to being spotted onto plating media 
containing a variety of carbon sources (Figure 7) both 
in the presence and absence of galactose. Results from 
these plate tests (Figure 7) indicated that on a few of 
30 the carbon sources used, the presence of both galactose 
and the pKV49-UCP construct resulted in poorer growth of 
the resulting yeast colonies. The greater effect on 
retardation of growth was observed with the 
glycerol/casamino (gly/cas) medium containing glactose 
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for both pKV49-UCP transf ormants . Transf ormants either 
lacking the UCP gene or induced by galactose grew at the 
same rate as the untransf ormed BET9 and BE27 strains, 
GROWTH CURVE ANALYSIS 

5 As plating tests had indicated poor growth of 

pKV49-UCF transf ormants on gly/cas medium in the 
presence of galactose, growth curve analysis in liquid 
culture was carried out to determine more accurately the 
magnitude of the growth defect. The results in Figure 8 

10 substitute the results of plating tests and indicate 

that neither the presence of pKV49-UCP DNA or galactose 
alone is sufficient to have any effect on the yeast cell 
growth rates, while the presence of both severely 
retards growth* As our initial results using the yeast 

15 strain YM147 transformed with the construct pCGSHO-UCP 
had not shown any significant growth defect on any of 
the tested carbon sources in the presence of galactose, 
it would appear that the modification o.f the UCP gene 
and/or the use of a different vector (pKV49) have 

20 resulted in an observable growth defect, 
ANALYSIS OF UCP EXPRESSION 

As the growth curve analysis had indicated no 
detectable differences between the BE27 and BET9 
transf ormants (Figure 8), it was decided only to use the 

25 BET9 transf ormants in subsequent experiments. Repeat 
growth analysis on gly/cas medium both in the presence 
and absence of galactose was carried out with, the BET 9 
transf ormants . Cultures were allowed to grow for 47 
hours to ensure that the same growth curve 

30 characteristics observed previously (Figure 9) were 
repeated. Cells were then harvested, total cell 
proteins were isolated and fractionated (in duplicate) 
by SDS-PAGE on a 10% polyacxylamide gel. One set of 
fractionated proteins were stained with Coomassie Blue 
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to ensure equal loading of the prot ins while the other 
set wer transferred to nylon membrane and subjected to 
western blot analysis using the rat UCP antibody. The 
Western blot showed two main features: 
5 1) The comparative level of UCP expression between the 

BET9/pKV49-UCP transf ormant and the 
VYl47/pCGS110-UCP transf ormant reveals that the UCP 
expression has increased approximately 50-100 fold 
as a consequence of our modifications. 
10 2) The yeast transf ormant which exhibits defective 

growth when grown on gly/cas medium in the presence 
' of galactose also expresses substantial amounts of 
UCP. 

It can be concluded from these results that the 
15 modification of the UCP gene and/or its subsequent 
cloning into the pKV49 vector has resulted in the 
increased level of UCP expression relative to the levels 
initially detected with the pCGSHO-UCP construct. 
Growth curve analysis indicates that the expression of 
20 UCP has an effect on the growth rates of yeast cells 

grown under certain conditions, as yet we have not been 
able to identify the specific effect that the increased 
levels of UCP expression have on yeast cell growth rates 
but preliminary results implicate a mitochondrial 
25 defect. 

Growth curve analysis carried out in the raffinose 
medium (a fermentable carbon source which should not 
affect Gal regulation) of the BBT9 transf ormants grown 
in the presence or absence of galactose indicate that 
30 the presence of both the UCP gene and galactose has no 
effect on growth rates (Figure 10). Western blot 
analysis of the proteins isolated from cells harvested 
during these growth curves reveals levels of UCP 
expression similar to those found in cells grown in 
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gly/cas medium in the presence of galactose. 

The UCP det cted in BET9/pKV49-UCP transf ormants 
grown without added galactose is probably due to 
galactose residues released into the medium by 

5 hydrolysis of raffinose f possibly during the 

autoclaving. These observations indicate that the 
presence of UCP in yeast cells grown on a fermentable 
carbon source (no requirement for oxidative 
phosphorylation) has no effect on cell growth rates, 

10 while cells growing on the gly/cas medium (a 

non-fermentable carbon source) expressing UCP exhibit 

defective growth. 

LOCATION OF UCP IN YEAST CELLS 

Rat UCP is a major component of the mitochondrial 

15 inner membrane of brown adipose tissue, unlike many 

other polypeptides found in the inner membrane, it does 
not contain a cleavable signal sequence, the targeting 
information being encoded internally within the amino 
acid sequence of the protein. As our results indicate 

20 that the expressed UCP has an effect on the rate of 

yeast cell growth then it is important to determine the 
precise location of the protein expressed in yeast 
cells. Initial Western blot analysis of total 
mitochondrial proteins shows the UCP expressed by the 

25 pKV49-UCP transformant to be located in the 
mitochondrial fraction. 

Subsequent mitochondrial fractionation revealed 
that the majority of the UCP is located in the inner 
membrane fraction of yeast mitochondria. Although some 

30 of the UCP appears to be located in the inner-membrane 
space, this observation is most likely due to 
contamination of this fraction with some of the inner 
membrane fraction* Similar results have been obtained 
with the location of the p-subunit of the F 1 -ATPase 
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complex from yeast cell mitochondria. The 0-subunit 
which is a component of the inner membrane is also 
detected in our inter-membrane space preparations . 
However, these results do show that the targeting 
5 information within the rat UCP is sufficient to target 
the UCP to the inner membrane of yeast mitochondria 
where it could function a an uncoupler protein. 

UCP TRANSCRIPT ANALYSIS 

RNA has been isolated from many of the growth curve 

10 experiments described previously. We are currently 
carrying out Northern blot analysis in order to 
determine whether the patterns of UCP expression are 
reflected by the UCP transcript signals 
EFFECT OF COPY NUMBER ON UCP EXPRESSION 

15 xhe transformation of yeast cells with shuttle 

vectors containing the origin of replication from the 
yeast 2 jjm circle, such as pKV49-UCP, results in these 
plasmids being present at approximately 40-50 copies per 
cell. Consequently any foreign gene carried by the 

20 plasmid will be present at the same relatively high copy 
number which may result in the expression of the foreign 
protein at a higher level than would be seen- for a gene 
present at a low copy number. We have therefore 
attempted to lower the copy number of the UCP gene by 

25 integrating it into the yeast chromosome at a single 
site resulting in a* genetically stable, single-copy 
transf ormant . The vector YIpS (Figure 11) is an 
integrating yeast vector carrying the ura3 gene; it is 
unable to replicate autonomously in yeast. 

30 The 1.8 kb EcoRI/Sall fragment from pKV49-UCP 

containing the rat UCP gene along with the PGR promoter 
and GAL UAS was cloned into the EcoRI/SALI sites of YIpS 
DNA. The resultant plasmid UIP-UCP (Figure 11) was 
checked by restriction enzyme mapping to ensure the UCP 
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gene was correctly inserted . The YIP-UCP plasmid was 
cut with the restriction enzyme EcoRV (which cuts in the 
middle of the URA3 gene (Figure 11) and the linearised 
YIP/UCP DNA was used to transform the yeast cell lines 

5 BET9 and BE27. Transf ormants were initially screened on 
minimal plates by selecting for uracil prototrophy and 
after 7-10 days two transformants from each cell line 
were streaked out onto YPD plates (non-selective)* The 
transformants were then subjected to four . consecutive 

10 periods of growth on non-selective medium. One hundred 
colonies from each of the original four transformants 
were then replica plated onto both non-selective ( YDP ) 
and selective media (minimal plants + ura). All 
colonies grew on the selective media indicating that the 

15 URA3 gene f which is genetically linked to the UCP gene 
(Figure 11), had been integrated to the yeast cell 
chromosome. Chromosomal DNA was isolated from each of 
the four transformants, digested with the restriction 
enzyme EcoRl and fractionated on a 0.08% agarose gel. 

20 Southern blot analysis using a labelled UCP probe 

indicated that the UCP gene is present in the yeast" 
chromosome of all four transformants. Western blot 
analysis using the rat UCP antibody will show the level 
of UCP expression in these transformants. Growth curve 

25 analysis of these transformants grown in the presence of 
galactose shows that they may have growth inhibition 
consistent with a mitochondrial defect. 
EXAMPLE 2 

MODIFICATION OF THE g-SUBUNIT OF F ^ ATPASE 

30 The second approach we have taken to introducing 

mutations affecting mitochondrial function is the 
directed modification of functional mitochondrial 
proteins which when expressed in yeast might be expected 
to interfere with the generation of ATP. The protein 
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chosen for this approach is the 0-subunit of the 
F^-ATPase complex. The DNA sequence of the yeast 
3-subunit gene is known and the gene has been 
independently cloned and sequenced in our laboratory 
5 918). 

The F^ATPase portion of ATP synthase catalyses the 
terminal step of oxidative phosphorylation F^ is an 
assembly of five different polypeptides designated a, 3, 
Y , 5 and c. Experiments carried out by Parsonage et al 

10 on modification of the 3-subunit of F^ATPase from 
coli identified specific amino acid residues of the 
3-subunit that appear to be very important for catalysis 
of both ATP synthesis and hydrolysis. Two mutations in 
particular were shown to result in greatly impaired 

15 catalysis without causing major structural perturbation 
of the F^-ATFase . One of these mutations resulted from 
changing the strongly conserved lysine residue occurring 
in the catalytic nucleotide-binding domain at position 
155 to a glutamine residue while the other mutation 

20 resulted from changing the methionine residue at 
position 209 to a leucine residue. Both of these 
mutations have been reposed to exert their effect by the 
prevention of conf irmational changes required from the 
catalytic cooperativity in the F^ complex. 

25 as the assembly of these mutated p-subunit 

proteins into the F^-ATPase is not affected, then it was 
felt that similar mutants of the p-subunit in yeast 
might compete for assembly into F^-ATPase . It was 
thought that the result of having both wild-type and 

30 mutated p-subunits in the same F^-ATPase would perhaps 
result in impaired catalysis resulting in 3 decrease in 
ATP production and retarded cell growth. 

The 3-subunit of F^ATPase from a wide variety of 
sources has been shown to by highly conserved at the 
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amino acid sequence and comparison of the S cerevisiae 
0-subunit amino acid sequence with that from E. Coli 
confirms that the lysine and methionine residues shown 
by Parsonage et al to be very important for catalytic 

5 activity are conserved, with the lysine and methionine 

residues occurring at positions 196 and 255 respectively 
on the yeast 0-subunit sequence. 

In order to carry out SDH the wild-type 0-subunit 
gene from yeast was isolated from the plasmid pGR208 

10 (Figure 12) as an EcoRI/BamHI fragment which was cloned 
into M13mpl9. Two mutated 0-subunit genes were 
constructed: mutant BBl has both the Het255 and Lysl96 
converted to isoleucine and glutamine respectively while 
mutant BB2 has only the lysine to glutamine mutation 

15 (Figure 12), Following sequence analysis to ensure 
correct mutagenesis with no unwanted mutations., the 
mutated 0-subunit genes were removed from mp!9 by 
EcoRI/BamHi digests. The fragments containing the genes 
were then 'blunt-ended and ligated to Bglll digested 

20 pKV49 (Figure 13) which had previously been blunt-ended. 
We have both mutated 0-subunit genes cloned into pKV49 
(pKV49-BBl and pKV49-BB2) and have transformed the yeast 
strain BET9 with both these constructs. Growth curve 
and plate growth from both mutated 0-subunit 

25 transf ormants show tht the transf ormants have altered 
growth characteristics which are consistent with a 
mitochondrial defect. 

Concurrently with the transformation of strain BET9 
with the mutated 0-subunit genes, gene disruption may be 

30 used to construct a derivative of strain BET9 which will 
fail to synthesize 0-subunit. The resultant strain will 
therefore be unable to grow on non-fermentable carbon 
sources although it will be easily maintainable on a 
fermentable carbon source such as glucose. 
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Transformation of this strain with plasmids bearing the 
mutated (3-subunit genes, followed by measuring the 
transf ormants ' growth characteristics on a 
non-fermentable carbon source, shows that the altered 
5 0-subunit is unable to support oxidative 
phosphorylation. 
EXAMPLE 3 
FUSION PROTEINS 

An alternative strategy for selectively perturbing 

10 mitochondrial function is the expression of a fusion 

protein which results in either poor or no yeast cell 

growth. The candidate fusion protein chosen from this 

project contains the N-terminal region of the yeast ATP 

synthase p-subunit fused to most of 0-galactosidase from 

15 e . coli and has been constructed by gene fusion (Figure 

14). This p-subunit/P-galactosidase fusion protein has 

already been shown to be targeted to the inner membrane 

of yeast mitochondria 921) and cells expressing this 

fusion protein appear to be unable to grow on a 

20 non-fermentable carbon source. In the presence of the 

fusion protein the transducing capacity of the 

32 

mitochondrial membrane as measured by the P-ATP 
exchange reaction is only 9% of that measured in the 
absence of the fusion protein. As yet the mechanism of 
25 this description has not been evaluated but the gene 
fusion is thought to produce a protein which becomes 
trapped in the inner membrane and interferes with 
function(s) essential for respiratory growth. 

CONSTRUCTION OF THE ATP2/Lac2 GENE FUSION 

30 The plasmid pGR208, which contains the yeast ATF2 

DNA encoding ATP synthase p-subunit gene (Figure 12), 
was digested with EcoRI plus BamHi resulting in the 
release of a l.lkb fragment coding for the first 350 
amino acids of the p-subunit protein. pMUR!720 is a 
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pUC8 based plasmid which contains a Lacz gene contained 
within an EcoRl/Narl fragment (Figure 14). Cloning of 
the l.lkb EcoRI/BamHi DNA fragment coding for the first 
350 amino acids of the yeast g-subunit protein into the 

5 EcoRI/BamHi sites of pMURl720 (Figure 14a) results in an 
in-frame fusion between the 350 amino acids of the 
(3-subunit and the entire (minus the first eight amino 
acids) LaZ protein (Figure 14). The entire 
(3-subunit/LacZ gene fusion is now contained on the 4.3kb 

10 EcoRI/Narl fragment in construct pMURl720-BLZ (Figure 

14). This 4.3kb EcoRI/Narl fragment is currently being 
cloned into the pKV49 vector resulting in the pKV49-BLZ 
construct (Figure 15) which can be used to transform the 
yeast strains BET9 and BE27 and show that when induced 

15 by galactose growth defects consistent with 
mitochondrial inhibition arise. 
EXAMPLE 4 

Construction of a promoter fusion between the MS10 gene 
and the UCF gene 

20 The 1830 bp Hindlll to BamHl fragment from pMSlO 

was ligated into the binary plant transformation vector 
Binl9 previously cut with Hindlll and BamHl. 

Following ligation the resultant plasmid was cut 
with BamHl and ligated to the 930 bp UCP BamHl fragment 

25 from plasmid pUC/UCP (s derivative of pUCl9 contyaininbg 
the modified UCP gene cloned at the BamHl site) to 
construct a fusion between the MS10 gene promoter and 
the UCP gene. Finally the nos 3 r terminator obtained as 
a 250 bp Sstl- EcoRl fragment from vector pTAKl 

30 wasligated into the MS10-UCP construct previouslt cut 
with Sstl and EcoRl. 

The resulting plasmid is termed pBin/MSlO-UCP and 
contains the MS10 promoter, the UCP gene, nos 3 r 
terminator expression cassette located between the right 
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and left border sequences of Agrobacterium T-DtfA 
allowing effici nt transformation into tobacco cells, 

EXAMPLE 5 

Transformation of tobacco plants with pBin/MSlO 

5 promoter gene constructs 

The recombinant vector pBin/MSlO-UCP was mobilised 
from E Coli (TG-2) onto Agrobacterium tumefaciens 
(LBA4404) in a triparental mating on L-plates with E 
Coli (HB101) harbouring pRK2013. Transcon jugants were 

10 selected on minimal medium containing kanamycin 

(50A/g/cm 3 ) and streptomycin (500*/g/cm ). 

■a 3 
L-Broth (5 cm ) containing kanamycin at 50 g/cm 

was inoculated with a single Agrobacterium colony. The 

culture was grown overnight at 30°c with shaking at 150 

15 rpm. This culture (500^1) was inoculated into L-Broth 
containing kanamycin (50// g/cm ) and grown as before, 
immediately before use the Agrobacteria were pelleted by 
spinning at 3000 rpm for 5 minutes and suspended in an 
equal volume of liquid Murashige and Skoog (MS) medium. 

20 Feeder plates were prepared in 9 cm diameter petri 

dishes as follows. Solid MS medium supplemented with 
6-Benzyl-aminopurine (S-BAP)'(l mg/1 ) and 
1-Naphthaleneacetic acid (NAA) (0.1 mg/1) was overlaid 
with Nicotiana tabacum var Samsun suspension culture (1 

25 cm 3 ). One 9 cm and one 7cm filter paper discs were 
placed on the surface. 

Whole leaves from tissue culture grown plants were 
placed in the feeder plates. The plates were sealed" 
with "Nescof ilm" and incubated overnight in a plant 

30 growth room (26°C under bright fluorescent light). 

Leaves from the feeder plates were placed in 
Agrobacteria suspension in 12 cm diameter petri dishes 
and cut into 1- 1.5 cm 2 sections. After 20 minutes the 
leaf pieces were returned to the feeder plates which 
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* in the growth room. After 48 
wete s axed and «P*"* t ' oaB th e plant .atrial 

h0UC s ^ tl °;^^ JL scented with d 
was transferred to iclllln (BOCg/c* 3 ) and 

Bg/ 1), MM. I*- 1 m9 /H; iB petri dishes, the petri 
5 Kana*ycin (100 , g /- > > fco ^ gtowth roo*. 

dishes were sealed and inoculat ion with 

Beginning three weeks a ^ ^ d 

rr::^ — ^ (200 

^ r- ) er . 

10 ^g/ cnL » an ° , . coot ed 1-2 weeks after 

Transformed plants formed plants were 

Following rooting, tw tne 

glasshouse. Rougn±* 

15 flowered. . . nhacco plants containing the 

The anthers of the tobacco^ ^ express ion 

p B in/MSl0-UCP °°l*^Z n blottin g of SNA sables, and 
of the UCP gene by ««* et on llen development 
th e effect of 'UCP expression 
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1. A method of inhibiting gene expression in a target 
plant tissue comprising stably transforming a plant 
cell of a type from which a whole plant may be 
regenerated with a gene construct carrying a 
tissue-specific or a development-specific promoter 
which operates in the cells of the target plant 
tissue and a disrupter gene encoding a protein 
which is capable, when expressed, of inhibiting 
respiration in the cells of the said target tissue 
resulting in death of the cells. 

2. A method according to claim 1 in which, the 
disrupter gene is the mammalian uncoupling protein 
(UCP) gene. 

3. A method according to claim 1 in which, the 
disrupter gene is a mutated form of the gene for 
the 0-subunit of F^-ATPase which has sequences 
added or deleted such that these changes result in 
the retention of the ability to assemble with other 
subunits but interfere with function as an ATP 
synthase. 



WO 90/08831 



22 - 



PCT/GB90/00114 



4. A method according to claim 1 in which, the 
disrupter gene is a mutated, synthetic form of the 
oli 1 gene encoding subunit 9 of the F Q — ATPase . 

5. A method according to claim 1 in which, the 
disrupter gene is a mutated form of a mitochondrial 
transit pre-sequence which malfunctions during 
transfer resulting in the disruption of protein 
transport to mitochondria. 

6. A method according to claim 1 in which, the 
disrupter gene is a gene construct carrying a 
fusion between the 3-subunit gene from yeast and 
the 0-glactosidase gene from E. coli , resulting in 
expression of a disrupting fusion protein, 

7- A method as claimed in claim 1, in which the 
promoter is a tapetum-specif ic promoter or a 
pollen-specific promoter, so that on expression of 
the said disrupter protein therein the regenerated 
plant is in male sterile. 

8, A method as claimed in claim 2, in which the 

tapetum-specif ic promoter has the sequence shown in 
Figure 1 or Figure 2 or Figure 3 of the 
accompanying drawings. 



t 
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9. The plasmid designated pBin/MSlO-UCP having the 
structure shown in Figure 17 of the accompanying 
drawings . 

10. A plant transformation vector comprising 
Agrobacterium tumef aciens harbouring the plasmid 
pBin/MSlO-UCP claimed in claim 9. 

* 

11. A plant having stably incorporated in its genome by 
transformation a gene construct carrying a gene 
construct carrying a tissue-specific or a 
development-specific promoter which operates in the 
cells of the target plant tissue and a disrupter 
gene encoding a protein which is capable, when 
expressed, of inhibiting respiration in the cells 
of the said target tissue resulting in death of the 
cells* 
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Nucleotide and deduc d amino acid sequence for male 
flower specific cDNA clone, pMSlO. 

10 20 30 40' 

GGC CTT GCC CGC TCG TTC CCC TCG CCT CCC CGG TCG CGC CGC TCC 
50 60 70 80 90 

CGC TGC CGC CGT GGC GAT TCC TGC CCG GCG GCG GCG CCG GGT TCA 

100 HO 120 130 

• i i > 

GGT CCA CGG CGG CGG CGG CTG CGC GGG GCG GGA CCG ACT ATG GGA 



140 
i 



150 160 170 180 

! I I ' 

CGG ACG ACA GCA AGA TCT CCC CCG ACG AGG AAT TCC TTC GAG GGC 

5£g Jh? Thr Ala Arg Ser Pro Pro Thr Arg Asn Ser Phe Glu Gly 

190 200 210 220 

i j j i 

rrr GAC TAC AAC CAC TGG CTC ATC ACC ATG GAC TTC CCG GAC CCC 

Cys Tyr ten SS Trp Leu lie Thr Met Asp Phe Pro Asp Pro 



250 260 270 

. ! ! ! ! 



230 240 — 7 , 



AAG CCG TCG CGC GAA GAG ATG ATC .GAG ACA TAC CTC CAG ACT CTC 

Lys Pro Ser Arg Glu Glu Met lie Glu Thr Tyr Leu- Gin Thr Leu 

280 290 300 310 

GCC AAG GTC GTC GGG AGT TAT GAG GAG GCC AAG AAG AGG ATG TAT 

Ala L^s Val val Gly Ser Tyr Glu Glu Ala Lys Lys Arg Met Tyr 

320 330 " 340 350 360 

GCT TTT AGT ACG ACG ACT TAT GTT GGT TTT CAG GCT GTA ATG ACC 

Ala Phe Ser Thr Thr Thr Tyr Val Gly Phe Gin Ala Val Met Thr 



370 



380 390 400 

• i 



GAG GAA ATG TCA GAA AAA TTT CGC GGT TTG CCT GGA GTA GTT TTC 
Glu Glu Met Ser Glu Lys Phe Arg Gly Leu Pro Gly Val Val Phe 

410 420 '430 440 45D 

ATT TTG CCT GAT TCA TAT CTA TAT CCA GAA ACA AAG GAG TAC GGA 
lie Leu Pro Asp Ser Tyr Leu Tyr Pro Glu Thr Lys Glu Tyr Giy 

460 470 480 4Sfi 

GGA GAC AAA TAT GAC AAT GGT GTC ATC ACT CCA AGA CCA CCA CCT 

Gly Asp Lys Tyr Asp Asn Gly Val lie Thx Pro Arg Pro Pro Pro 
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( corn: . ) 

500 510 520 530 540 

i ; i ! i 

TTT CAT TAT AGC AGA CCA TCA AGA ACT GAC AGG AAC CGT AAC TAC 

Val His Tyr Ser Axg Pro Ser Arg Thr Asp Arg Asn Arg Asn Tyr 

550 560 570 58(3 

CGA GGA AAC TAC CAG GAT GGC CCT CCA CAG CAA GGA AAT TAC CAG 

A?g G?y Asn Tyr Gin Asp Gly Pro Pro Gin Gin Gly Asn Tyr Gin 



590 600 



610 620 630 

i i ! 



AAC AAC CGT CCT CCA CCA GAA GGT GGT TAC CAG AAC AAC CCG CCG 

A^n £sn Arg Pro Pro Pro Glu Gly Gly Tyr Gin Asn Asn Pro Pro 

640 650 660 670 

! ! ' < 

CAG CAA GGA AAC- TAC CAG ACA TAC CGC TCG CAG CAA GAT GGA AGA 
Gin SlJ Gly Asn Tyr Gin Thr Tyr Arg Ser Gin Gin Asp. Gly Arg 

680 690 70Q 710 720 

GGC TAT GCC CCA CAG CAG AAT TAT GCA CAA GGT GGT CAG GAT GGT 
Gly Tyr Ala Pro Gin Gin Asn Tyr Ala Gin Gly Gly Gin Asp Gly 

730 740 750 " 760 

AGA GGT TTT GGA AGG AAT GAT TAC ACA GAC CGT TCA GGC TAC AAT 

Arg Gly Phe Gly Arg Asn Asp Tyr Thr Asp Arg Ser Gly Tyr Asn 
770 780 790 800 -810 

• ! - ! • 1 

CGA CCC ACT GAT TTT CGA AGT CAA ACT CAG TAC CAA GGG CAT GTA 
lly Pro £hr Isl Phe Arg Ser Gin Thr Gin Tyr Gin Gly. His Val 



820 



830 840 850 



AAT CCA GCT GGG CAA GGT CAA GGT TAC AAC AAC CCC CAA GAG CGT 

ten Pro Ala Gly Gin Gly Gin Gly Tyr Asn Asn Pro Gin Glu Arg 
860 870 880 890 900 

ACG AAC TTC TCG CAA GGG CAG GGA GGA GGT TTT AGG CCT GGT GGT 

Thr £sn Phe Ser Gin Gly Gin Gly Gly Gly Phe Arg Pro Gly Gly 

910 920 930 940 

CCT TCA GCA CCT GGG TCT TAT GGC CAA CCA TCA GCA CCT GGA TCT 
Pro Ser Ala Pro Gly Ser Tyr Gly Gin Pro Ser Ala Pro Gly Ser 



970 9BT) '™ 

r ! ! 4 i 



-93T) 960 



TAT GGT CAA CCT AAT ACA CTT GGT AAC TAT GGG CAG GTA CCT CCA 
Tyr Gly Gin Pro Asn Thr Leu Gly Asn Tyr Gly Gin Val Pro Pro 
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(cont.) 

1000 1010 1020 1030 

TCA GTG AAT CCT GGT GGT AAC AGA GTT CCT GGT GTG AAT CCT ACT 

Ser Val Asn Pro Gly Gly Asn Arg Val Pro Gly Val Asn Pro Ser 
1040 1050 1060 1070 1080 

TAT GGT GGG GAT GGC AGA CAG GGG GCT GGA CCA GCA TAT GGT GGA 

Tyr Gly Gly Asp Gly Arg Gin Gly Ala Gly Pro Ala Tyr Gly Gly 

1090 1100 U10 1120 

i • ! I 

GAT AAC TGG CAA AGA GGT TCT GGT CAG TAT CCT AGC CCA GGT GAA 

Asp Asn Trp Gin Arg Gly Ser Gly Gin Tyr Pro Ser Pro Gly Glu 
1130 1140 1150 U60 1170 

GGA CAA GGA AAC TGG CAG GGA AGG CAG TAA GAG CTG ACG TGT TCC 
Gly Gin Gly Asn Trp Gin Gly Arg Gin 

1180 U90 1200 1210 

ACT GAA GAC AAG AAT GGC ACT TGA GAT TTA GAA ATC TCC ATC TGT 
1220 1230 1240 1250 1260 

AAA ATA AAC GAC TGT GAT GCA TTA CTC TTT TTT TTT TTC TTG CAT 

12 70 1280 1290 1300 

TTG AAC TCT AAA CTT ATG GGC ATG CGT TAT TAC CAA ACT ACG GAT 
. 1310 1320 . 1330 1340 1350 

GCA AAT TCA TTT TAG TTT TTT GGG CCA AAT GTT GGC ATT TTT AAA 



AAA 
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Nucleotide and deduced amino acid sequence for the 
male flower specific cDNA clone, pMS14. 

10 20 30 40 

! ! i ' 

GCA GGG GGG GGG GCA CAG CAA GCC AGC AGA GCA GAA AGC AGC CGC 
Ala Gly Gly Gly Ala Gin Gin Ala Ser Arg Ala Glu Ser Ser Arg 

50 60 70 80 90 

! ! i ' 1 1 

AGC CCC AGC CCC CAC AAA GAC GAA GGC AAC AAT GGC GCT AGA AGC 
Ser Pro Ser Pro His Lys Asp Glu Gly Asn Asn Gly Ala Arg Ser 



100 HO 120 130 

i * * ! 

i i 1 



AGC CAC GCC CCC CGC GCA CTC CTC GCG CGT GCC TCG TCC TGC TGG 
Ser His Ala Pro Arg Ala Leu Leu Ala Arg Ala Ser Ser Cys Trp 



140 150 160 170 180 

! ! • ' ' 



TCC TCG GCG GCG GCA CCG GCC CGT CGT CGG TGC TCA GCG CGC CGG 
Ser Ser Ala Ala Ala Pro Ala Arg Arg Arg Cys Ser Ala Arg Arg 

190 200 210 220 

i i s ! 

GGC GCA GGA CCG GCG GCA GTG CCT GCC GCA GCT GAA CGC CTC CTG 
Gly Ala Gly Pro Ala Ala Val Pro Ala Ala Ala Glu Arg Leu Leu 

230 240 250 260 270 

CGG TGC CGC GCG TAC CTG GTG CCG GCG CGC CGG ACC CCA GCG CGG 
Arg Cys Arg Ala Tyr Leu Val Pro Ala Arg Arg Thr Pro Ala Arg 

280 290 300 310 

! ! ' 1 

ACT GCT GCA GCG CTG ACG CGC CGT GTG CAC GAG TGC GCC TGC AGC 
Thr Ala Ala Ala Leu Thr Arg Arg Val His Glu Cys Ala Cys Ser 

330 340 350 360 



320 



! |!l 
ACC ATG GGC ATC ATC AAC AGC CTG CCC GGC CGG TGC CAC CTC GCC 
Thr Met Gly He He Asn Ser Leu Pro Gly Arg Cys His Leu Ala 

370 380 390 400 

! ! i { 

CAA GCC AAC TGC TCC GCT TGA AGC AGG GAC CTG GCA CGC GTG CTG 

Gin Ala Asn Cys Ser Ala 

420 430 440 450 

! ! 1 



410 



"CAA TGG ATG GCA GGA GGG GAG AGG AAT AAG AAG TGT TTC CAT TTC 

460 470 480 490 

1 i i -i 

ACA GTG AGA GCA GTC GAG CTC CAA CGT TGT CGT CGT CGT CGT CTT 
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( cont . ) 



500 510 --- , 

• ! J I i 



520 530 ' 540 

CTT CTT TTG ATA TTC AGA CTC TGT CTT GCG GTC TAT ATC ATC AGC 

550 560 570 . 580 

• | ! • 

ATA ATA ATA ATA AAA TAA GTA AAA CCA AAA AAA AAA AAA AA 
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Nucleotide and deduc d amino acid sequence for the 
male flower specific cDNA clone, pMS18. 



10 



20 30 40 

! ! i i 



50 60 

i 
i 



ACA GCA GTA GCA AGA GGG ATA GAG CAA GGC CAC ACA CAC ACA CAC 

70 80 90 

: : : 1 

ACC ACT AGG CTA GGT TAG CCT TTT AAT CGT CGT CGA GAA GCA AGA 

100 U0 120 130 

AGG GCG CTG CAC CAA GCA GGC AAG CAA GAA GAG AGC CGA TCG ACC 



140 150 



160 170 180 



l ! 



CAC AGC TAG CAC GCG ATG GCG AGG TCT TGC CAA GAT GAT GGT GGC 
GAG AGC TAG CAC GC^ ai^ ^ ^ ^ ^ ^ ^ ^ Qly Gly 



190 



200 210 220 

i ! ! 



i i < 

rrA CGT CTG CTG GCC TTG CGC TGG CGT GTC GAC CGC CGA GGC AGG 
S Arg leu Leu III Leu Arg Trp Arg Val Asp Arg Arg Gly Arg 



230 240 



250 260 270 



AAC ATC AAG ACC ACG ACG ACG GAG AAG AAG GAC GAC GCG GTG GTG 
Asn He Lys Thr Thr Thr Thr Glu Lys Lys Asp Asp Ala Val Val 

280 290 300 310 

CAG CCG GAG AGG TTC CGC CCT TCG ACC GCC TCG GCG CGG CGC GTC 
Gin Pro Gin Arg Phe Arg Pro Ser Thr Ala Ser Ala Arg Arg vai 

320 330 340 - 350 360 

rrr r 'rr gtt CGG CGG CCT CCC CGG CGG CAC GAT TCC TGG CAG CAG 
Pro Gly Sal Arg A? g Pro Pro Arg Arg His Asp Ser Trp Gin Gin 

370 380 390 400 

CAT TCC CGG GTT CAG CAT GCC CGG CAG CGG CAG CAG CCT ACC CGG 
SI Sr Arg Val Gin His Ala Arg Gin Arg Gin Gin Pro Thr Arg 

410 420 430 440 450 

ctt CAG CTT GCC CGG CAG CGG CAC GAT GCC CCT CTT CGG CGG CGG 

vll £2 III SS Arg Gin Arg His Asp Ala Pro Leu Arg Arg Arg 

460 470 480 <9t> 

CTC CCC GGG CTT CAG CGG CTT CGG CGG CAT GCC CGG GTC GCC CAC 
Leu Pro Gly leu Gin Arg Leu Arg Arg His Ala Arg VaJ. aia jus 
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( cont . ) 

500 510 520 530 540 

• J J I i 

CGC CGG CTC CGT CCC CGA GCA CGC CAA CAA GCC CTG AAC GCC AAC 
Arg Arg Leu Arg Pro Arg Ala Arg Gin Gin Ala Leu Asn Ala Asn 

550 560 570 ' 580 

AAG CGT GGT A.GT AGA GGT GCT ACT GTT ACT GTA GTA CGT CGT CGT 
Lys Arg Gly Ser Arg Gly Ala Thr Val Thr Val Val Arg Arg Arg 

590 600 610 620 630 

i j j i • 

CTT CAT GCA* TGC GTG GTT CGT GGT TTC CCT AGC TCC ATA CGA GCA 
Leu His Ala Cys Val Val Arg Gly Phe Pro Ser Ser lie Arg Ala 

640 650 660 670 

1 ! ■ 1 

GTA GTT GGG CTT GCA CGT ACC GTA CGT CTA GCT AGC TAT ATA TAT 
Val Val Gly Leu Ala Arg Thr Val Arg Leu Ala Ser Tyr He Tyr 

S80 690 . 700 710 720 

■ ! I ! ' 
GCT TGT GTT CTA CTG CTT TTT AGT TTA ATT ACC TGC CTG CAT TGG 

Ala Cys Val Leu Leu Leu Phe Ser Leu He Thr Cys Leu His Trp 

730 740 750 760 

1 ! ' 1 

AGA GTT GGA TCT GTT TCA TTT GGT GGT GTT TGC TTT ACT ATT AGG 
Arg Val Gly Ser Val Ser Phe Gly Gly Val Cys Phe Thr He Arg 

770 780 790 800 810 

■ i ] ! i 
TCA GTA TCT GTT TGT GGA GAC TTG GTG TTT AAT TTA TTT AGC CGT 
Ser Val Ser Val Cys Gly Asp Leu Val Phe Asn Leu Phe Ser Arg 



820 830 840 850 

TTG TGA CTG GTT GTA GCT AGC GGT GGT GCG GTG GTG ATG TTC TTG 



Leu 



860 870 880 890 900 

i < j ! • 

AGG CAT GAA TAA TGC TAC ATG CAT GTG ATG TAT CCA TGT TTT GTG 

910 920 930 

'! 1 ~i 

TGT GGT AAA CCT GTT GTT TGT ATA AGC TGT CCC 
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1 UCGAA6UUGA 6A6UUCg§Si£WaUCA6 6CAACA6U6C CACU6WGU: 

51 UUCAGGGCU6 AUUCCIAAW6 6UCUGUSCCC UCC6A6CCAA 6Aig6U6AfiU 

101 UC6ACAACUU CC6AA6UGCA ACCCACCAU6 6666UCAASA UCUUCUCA6C 

FIG 5 151 CGGCGUUUCU GCCUGCCUA6 CA6ACAUCAU CACCUUCCC6 CUfcACACtt 

201 CCAAAGUCC6 CCUUCASAUC CAAS6U6AA6 6CCA66CUJC CA6UACUAUJ 

251 AGGUAUAAA6 6USUCIAJAS6 6ACCAUCACC ACCCU6GCCA A6ACASAA66 

301 AUUGCCGAAA CU6UACA6C6 6UCUSCCUGC USSCAUCCAS AfiGCAAAUCA 

351 SCUUUSCUK CCUCAGGAUU SGCCUCUAC6 AUAC66UCCA A6A6UAO« 

401 UCUUCA666A 6A6AAACSCC U6CCUCUUU6 S6AA6CAA6A UCUC66CUG6 

451 CUUSAU&AC6 6GUGGCfiU66 CG6UAUUCAU UGSGCASCCC ACA6A66U36 

SOI U6AAG6UCA6 AAU6CAA6CA CAAA6CCAUC U6CACG56AU CAAACCCC6C 

551 UACACUGG6A CCUACAAUGC UUACA6A6UU AUAGCCACCA CA&AAAfiCW 

601 6UCAACACU6 UGSAAAGGGA C6ACUCCUAA UCUAAU6A6A AAU6UCAUCA 

651 UCAACU6UAC AGA6CU66UG ACAUAUGACC UCAU6AA6G6 66CCCVAJ6U6 

701 AACCACCACA UACU5GCA6A UGAC6UCCCC UGCCAUUUAC USUCASCUCU 

751 UGUCSCCGGfi UUUUSCACCA CACUCCUGGC CUCUCCG6U6 6AU6U66UAA 

801 AAAC6ASAUU CAUCAACUCU CUACCAS6AC AfiUACCCAAS U6UACCCASC 
851 UGUGCAAUSA CCAU6UACAC CAAGGAAGSA CC66CA6CCU UMJCAAA66 
901 6UUOSCSCCU UCUUWCUSC 6ACUC66AUC CU66AAC6X Al*AUWA* 
951 UGUGCUUU6A ACA6CUSAAS AAA6A6CU6A U6AA6UCCC6 6CA6ACA6U6 
1001 fcACUGCACCA CAU*fi6C6AC UUGGA6AAAS SSAUSCUAAA CACCAUU666 
1051 CUCCUAUGCU SS6CUCCUAU 6CUSG6A6AC CAC6AAUAAA ACCAACCAAA 
1101 ^AAAQCA&£*6 
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